Introduction
Over the last 30 years, aquaculture has experienced an unprecedented development in global animal production with an average yearly growth rate of over 10% between 1980 (FAO, 2009 . During the same period, capture fisheries saw their progression gradually grind to a standstill and growth stopped from 1995 (total catch fluctuating between 90 and 95 Mt/year according to the year). The growth of aquaculture, despite its benefits and the fact that it is the only way to meet the increase in demand for sea products, evaluated at 270Mt in 2050 (Chevassus au Louis et Lazard, 2009; Wijkström, 2003) , raises a certain number of issues directly related to its sustainable development. Amongst these are issues related to feed for the farmed organisms, to their biological diversity, to the farms' economic sustainability, to the impact of aquaculture development on social equity and to the set of arrangements constituting the sector's governance. Feed, for example, is currently the subject of significant controversy as shown by the emblematic article of Naylor et al. (2000) that exposes the impact on catches of the massive use of fish meal and fish oil in fish and prawn aquaculture and advocates the return to sparser aquaculture systems, directly inspired by traditional Asian systems which use more extensive techniques based on polyculture and fertilisation and where artificial feed is only seen as a potential supplement. This diagnosis, although interesting as it generated much debate, was, however, incomplete and, in fact, inaccurate: by focusing on a single criterion and a single dimension (environmental) of sustainability, the authors were led to make proposals that had no chance of being adopted by the actors. De facto, farming systems have continued to intensify and this has led to a sustained increase in the use of 3 of conduct, guides of good practice, standards, labels etc. (Boyd et al., 2005 (Boyd et al., , 2008 FAO, 1995; WWF, 2005 WWF, , 2006 WWF, , 2007 WWF, , 2010 among others) and of initiatives for the construction of sustainable development indicators (Caffey et al., 2000; Consensus, 2005; GFCM, 2010; IUCN, 2005) in aquaculture, show that most of them are based on very unbalanced approaches concerning the dimensions of sustainable development that are taken into account. They are also often highly centralised with little reliance on participatory processes (Mathé et al., 2006; Rey-Valette et al., 2007a) . This is why the approach suggested in this article is instead designed to cover all the dimensions of sustainability including the traditional pillars (economic, social and environmental) as well as the institutional one (governance). This latter, in particular, gives this approach its original and innovative nature. At once multidisciplinary and participatory, the approach compares several countries and types of aquaculture system and results in a diagnosis and global recommendations. The objective of this article is to present a global overview of the method used together with the results of the diagnoses that have been made. The results that are discussed are those of the EVAD project (Evaluation of aquaculture system sustainability) carried out from 2005 to 2009, whose objective was to evaluate the sustainability of aquaculture systems. The issue at stake for the EVAD project was to establish a generic method to analyse sustainable development factors and indicators in aquaculture, which would encompass its territorial dimension and actors' perceptions. In order to guarantee its generic character, the method was developed using highly differentiated sites as regards socio-geography, production systems, farming environments and regulatory systems. Over and above the evaluation process, the project also sought to propose two types of sustainable development indicators for aquaculture: simple indicators (qualitative and quantitative) and, for the environmental aspects, synthetic indicators based on life cycle assessments of aquaculture systems. We begin by presenting the global framework of the approach, followed by the detailed methodology used to establish a generic check-list of sustainability indicators and finally the application of life cycle assessments to the aquaculture systems under study.
The rationale underpinning the approach and the different work phases
The process used for the EVAD project is characterised by its transdisciplinary approach (Bürgenmeier, 2004) , meaning that, for each phase of the project, it associates very closely not only human and biological sciences but also the stakeholders who are part of the procedural and participatory approach. The approach relies on the co-construction of indicators for the sustainable development of aquaculture which then become a tool to drive and legitimate sustainable development (Boulanger, 2007) . The co-construction of indicators with broad-based groups of stakeholders makes it possible to initiate a participatory approach and a collective learning process and facilitates the appropriation of sustainable development (Mickwitz et al., 2006; Fraser et al., 2006; Hatchuel, 2000; Hilden et Rosenström, 2008; Rey-Valette et al., 2007b) . This co-production also promotes the institutionalisation of the monitoring and the implementation of the indicator system † , † The indicator system comprises an information system which gathers information in all its forms (oral, written, private, public…) together with the arrangements for the management of this information (for instance, an observatory).
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Recent Advances in Fish Farms 4 especially as it draws on local actors' knowledge. The approach is based on a systemic approach to sustainability which encompasses the four dimensions of sustainable development including the institutional dimension which is taken into account through the governance processes. Furthermore, the method favours a territorial approach to sustainability in the spirit of local agenda 21s recommended by the Agenda 21 during the Rio Earth Summit (Chapter 28) by combining two complementary scales of approach: the sustainability of farms and of the aquaculture sector (sectoral approach) and the contribution of fish farms to the sustainability of the areas where they are located (territorial approach). Taking the territorial level into account is a first step towards integrating the ecosystem services provided by aquaculture.
The areas
Several carefully chosen areas were used to test the genericness of the method (table 1) . These areas were as follows.
Rural area
Coastal area 
Rainbow trout farming in Brittany (France)
Rainbow trout farming is an intensive farming system based on a high input level and on an increased stocking rate. At present, in Brittany, the number of trout farms is decreasing, farms are being concentrated and the overall production is being reduced due to numerous constraints: environmental constraints, social constraints (farming activity acceptance, product image, etc.), regulatory and economic constraints (input cost variation, competition with salmon, etc.).
Mediterranean sea bass and sea bream farming
In order to satisfy a strong demand (tourists and indigenous population), the production of aquaculture fish (mainly sea bass and sea bream) started in 1980 and increased by 25 % each year between 1990 and 2000 (the current production is estimated at 200,000 tonnes per year). Current production systems (consisting of sea-based cages or land-based raceways) are in conflict with tourism and other models will have to be developed (Rey-Valette et al., 2007c) . Due to recent crises, aquaculture activity has become concentrated as fish farms have been bought by major groups.
Fish and shrimp farming in coastal ponds in the Philippines
Fish farming plays a major role in the economy of the Philippines and coastal ponds, consisting essentially of extensive milkfish based polyculture, represent around 60 % of the overall aquaculture production. Observing the development dynamics of Philippine aquaculture systems underlines the significant flexibility of extensive systems compared to the economic fragility of intensive fish farms when markets are saturated.
Small scale fish farming in Indonesia
In Indonesia, although freshwater fish farming is generally a small-scale activity, it nevertheless represents one of the highest yearly production rates in the world. Fish farming production systems with high input rates have rapidly developed locally over the last ten years: catfish in ponds in the Centre of Sumatra (Tangkit, Jambi province) and carps and tilapia in floating cages in the Cirata reservoir (West Java).
Commercial fish farming in family agricultural enterprises in Western Cameroon
Despite an increasing demand for fish, the history of fish farming in Cameroon (and more largely in Sub-Saharan Africa) remains characterized by a marginal production which is most likely due to the fact that their farming systems are not sufficiently efficient from technical and socioeconomic points of view. The high plateaux in the Western region, which are characterized by a very dynamic diversification of agricultural production systems, represent one of the areas in Cameroon where the greatest number of fish ponds have been constructed with numerous fish farming innovations involving an input intensification.
Methodology used to establish the check-list of sustainability indicators
The process of establishing the check-list of sustainability indicators in aquaculture relies on a hierarchical nesting approach which makes it possible to link indicators with general sustainability criteria and principles (Prabhu et al., 2000) . This type of nesting puts into context the definition of indicators and they can then be linked to territorial and sectoral issues. This approach differs from initiatives to construct indicators as inventories linked to pillars of sustainable development and uses instead a principle-guided method, which, through a cross sectional conception of social choice and by putting the general principles of sustainable development into context, helps in its appropriation by actors (Droz et Lavigne, 2006) . The relationship between the implementation phases of the Principle Criterion Indicator approach is shown in figure 1 . The preparatory phase should establish a diagnosis of the sector and study actors' representations in order to address them and the issues at stake. These representations are defined by Jodelet (1989) as "forms of knowledge, socially developed and shared, of a practical nature and contributing to the construction of a reality common to a social group". In order to achieve this, two surveys were carried out during the first year of the project in the six areas, the first one concerned fish farms with 128 interviews, and the second one all the stakeholders involved in the aquaculture value chain with 168 interviews (table 2) . These were face to face interviews using detailed questionnaires combining both closed questions, in particular in the survey on representations, and open questions where textual analysis was used (WordMapper 8.0 from Grimmer soft (p.5)). The first survey aimed to collect data that would enable aquaculture systems to be characterised in the technical, economic and relational senses, to identify the types of farm, the strengths and the www.intechopen.com
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6 constraints, the types of regulation as well as the challenges. Typologies were established and sustainability principles and criteria put into context Lazard et al., 2009 Lazard et al., , 2010 . The objective of the second survey was to collate the representations that actors had of sustainable development and the consequences they could foresee for the sector's dynamics (Lazard et al. , 2010 . More precisely, this survey made it possible to characterise collective representations, to identify local issues related to aquaculture, to analyse the coherence of the sustainable development model with the current situation of the actors, to analyse the relations and interactions (for example the power systems) within and between the groups and to identify traditional beliefs concerning aquaculture. By integrating international and national norms found in the existing sustainability reference frameworks for aquaculture, this work on representations established a final list of thirteen sustainability principles for aquaculture ( fig. 2 and table 3 ). In addition to the analysis of representations, a systemic analytical framework for aquaculture systems was developed to account for sustainable development. This framework combines all the factors relating to productive systems, to regulatory systems and to the territory and hence enables sustainability to be addressed from two supplementary and interactive viewpoints, which relate respectively to the sustainability factors for aquaculture enterprises and the contribution of these systems to the sustainability of the territory where they are located ( fig. 3 ). From these principles, a check-list of criteria and indicators was established collectively by the multidisciplinary team of researchers in order to identify the key variables for aquaculture systems. This check-list of principles, criteria and indicators was then validated within the framework of collective working groups comprising the relevant stakeholders in each of the six areas. The purpose was to note, in decreasing order, the principles considered to be the most important and for each selected principle to rank the associated criteria and indicators according to the following categories: "priority", "important", "to be integrated later on", "secondary" or "don't know". By weighting each category with a coefficient (8 for "priority", 4 for "important", 2 for "to be integrated later on", 1 for "secondary"), it was possible to establish scores by country and by types of actor (figure 4). In order to develop indicators, it is necessary to have a good knowledge of the information systems considered to be important in each area so that the new monitoring system for sustainable aquaculture can be positioned relative existing systems. This condition both reduces information collection costs and facilitates understanding and usage of the information system, a part of which will comprise indicators already familiar to actors. These results were then discussed collectively within the framework of working groups and the results, once adjusted by the group of researchers, were validated for each area. The discussions concerning the prioritisation/selection of the PCIs constituted a collective reflexion process on the issues at stake and the practicalities of sustainable aquaculture. It highlighted, in particular, the principles and criteria that made "most sense" for the actors and the motives behind the rejection of those that were not selected. This procedure corresponds to a negotiated vision of what the actors consider to be sustainable development, of the way in which each one can and should contribute and of the rules used to "judge". It is an essential stage in the construction of a common language and project that is necessary for the implementation of sustainable development. Following the phase of developing sustainability evaluation tools in each country, sustainability diagnoses were undertaken and used to verify that the measurement of the selected indicators was feasible. Table 2 . Survey distribution according to the sites and types of surveys.
Technicoeconomic dimension P6-Increase the capacity to cope with uncertainties and crises P7-Strengthen the long term future of exploitations P2-Develop approaches which promote quality Environmental dimension P3-Ensure that natural resources and the environmental carrying capacity are respected. P4-Improve the ecological yield of the activity P5-Protect biodiversity and respect animal well-being Social dimension P1-Contribute to meet nutritional needs P8-Strengthen sectoral organisation and identity P9-Strengthen companies' social investment Institutional dimension P10-Strengthen the role of aquaculture in local development P11-Promote participation and governance P12-Strengthen research and sector-related information P13-Strengthen the role of the State and of public actors in putting sustainable development into place 
Applying life cycle assessments to the aquaculture systems under study
The life cycle assessment (LCA) used in the project is a standardised method (ISO, 1997 (ISO, , 2000 Jolliet et al., 2005) used to establish environmental diagnoses of products or services. It is a method for the aggregation of knowledge. It is based on an inventory of all the resources used and of polluting emissions, including the extraction of raw materials, the development of the product, its use and its destruction (thrown away, recycled...). The functional unit selected is 1 tonne of aquaculture product delivered to the first buyer. The allocation rules between flows are economic (environmental impacts are divided according to the value of the co-products).
Calculations were based on the CML method (2001) modified in accordance with Papatryphon et al. (2004) . Several categories of potential environmental impact were selected within the project framework as they were considered to be relevant for aquaculture. They are the following: 1) eutrophication (kg PO 4 eq) concerns the impacts on aquatic and terrestrial ecosystems associated with nitrogen and phosphorus enrichment; 2) acidification (kg SO 2 eq) assesses the potential acidification of ground and water due to the emission of acidifying molecules in the air, the ground or in water; 3) climatic change (kg CO 2 eq) assesses the production of greenhouse gases by the system; 4) the use of energy (MJ) concerns all the energy resources used; 5) the use of net primary production (kg C) represents the trophic level of farming from the quantity of carbon used and derived from primary production. For some sites, the following have been added: 6) the water dependency (m 3 ) defined as the amount of water flowing through the fish farm and required to produce fish; 7) the utilisation of the surface (m 2 ) which reflects the way the production system takes over the land, including the production of inputs (in particular the crops necessary for the manufacture of aquaculture feed). Work carried out on LCA within the framework of the EVAD project built on the experience of similar approaches already undertaken in aquaculture Papatryphon et al., 2004) .
Results
Over and above producing a guide for the co-construction of indicators for the sustainable development of aquaculture (Rey-Valette et al., 2008a , 2008b , the research undertaken made it possible to establish sustainability diagnoses for the different aquaculture systems studied, which, given their diversity, led to very instructive comparisons. The functionality of the approach suggested by the guide was tested when producing these diagnoses. The diagnoses of the sustainability of aquaculture systems were first established for each area (territorial diagnoses §6.1) then at a global level by developing a synthesis of these diagnoses (into a meta-diagnosis §6.2). These diagnoses were undertaken at the criteria level, which is the most relevant analytical level to qualify the sustainability factors of these systems. The evaluation must be sufficiently detailed by theme to make the diagnosis intelligible. At this criteria level, even if the indicators which constitute these criteria are not all identical, it is possible to compare aquaculture systems. Then aggregating the results at the principles level facilitates comparisons even when selected indicators and criteria are not identical. One of the advantages of this type of approach is to make it possible to compare different aquaculture systems for which sustainability is measured with indicators adapted to the local characteristics and available information. Finally, these approaches based on simple criterion and indicator systems selected in each area were complemented by life cycle assessments for the environmental dimension ( § 6.3).
Territorial diagnoses of aquaculture system sustainability
Typologies carried out by area showed two differentiation factors common to all areas. These factors were the size of the farm and the nature of the capital or the ownership system associated with other factors, which vary according to the sites and are related to manpower, funding or to marketing methods (Lazard et al., , 2010 . These typologies reveal quite a large diversity in production and regulatory systems. Leaving aside the Tangkit site (Indonesia) where aquaculture systems are very homogeneous, three to four differentiated farm types were identified in each area, regardless of whether there was a large number of farms or not. This diversity in sustainability profile can even be found in aquaculture systems where the number of farms is low. This article will not go into the details of the diagnoses undertaken at each area level. These diagnoses do make it possible to describe the situation of aquaculture systems in detail for each of the criteria in relation to the local context and issues. In order to present a global overview, there are several ways in which to aggregate these criteria. It is possible and important to present diagnoses for the two levels which characterise the approach, i.e. the sustainability of aquaculture farms and the contribution of aquaculture to the sustainability of territories in which each of the systems is located. Criteria can also be broken down according to the four dimensions of sustainability in order to identify in particular, the weaknesses and the strengths by sustainable development pillar. Finally, at a more subtle level, the sustainability profiles can also be considered in terms of farm types. The diversity of strategies goes hand in hand with the contrasting situations concerning sustainability. Hence, the 46 farms in Brittany and the 150 farms in Cameroon may be grouped into 4 sustainability profiles whilst the 18 farms in the Mediterranean (France and Cyprus) are distributed into three profiles. On the other hand, the two areas in Indonesia and the one in the Philippines, which comprise respectively 4,010 and 1,771 production units, are covered by a single sustainability profile. The global overviews of the sustainability of the various aquaculture systems are presented here (figures 5 and 6) at the principles level in order to facilitate comparison. Working at this level makes it possible to generate general diagnoses by area which highlight the strengths and the weaknesses of the relevant aquaculture system. The aggregation process for principles is mostly based on the average score obtained by the various criteria that make up the principle, in particular when the results correspond to homogeneous or weaklydifferentiated sustainability classes. For particular cases, where the principles rest on a restricted number of criteria characterised by very different sustainability scores, we adopted a common arbitration process consisting of choosing some of the selected criteria as the most determinant in the functioning of aquaculture systems. Average values had to be avoided in order to help identify strengths and weaknesses and make the diagnosis as operational as possible to facilitate decision-making and support action plans for sustainable aquaculture.
Meta diagnosis of the aquaculture systems under study
The comparative analysis of the results obtained for each area establishes several types of finding as regards the sustainability profiles of aquaculture systems and the accompanying policies that need to be implemented. In addition to its qualities in terms of the integration of representations and issues and its capacity to convey comprehensively the various dimensions of sustainability, the PCI method has the advantage of facilitating comparisons between diversified situations. The nesting of sustainability evaluation levels provides several comparative scales for aquaculture systems starting from indicators which are not necessarily the same. Hence comparability constraints and the conditions of adaptation to local specificities can be reconciled. A database was built of the selections made by the actors from different countries. It comprises 13 principles (table 3) , 64 criteria and 129 indicators (Rey-Valette et al., 2008a , 2008b . Despite the system diversity, 10 principles and 25 criteria are common to 4 of the 6 areas. The proportion of common indicators is significantly lower with only 30 indicators common to three areas. Although the technical systems under study in Indonesia are very differentiated as regards both farming systems (cages and ponds) and aquaculture operators (farmers and entrepreneurs), there are many criteria common to the two Indonesian areas of Tankgit and Cirata. This observation tends to show the importance of cultural and institutional aspects for sustainability. Inversely, Cameroon, where aquaculture is struggling to develop, is a particular case which stands out from other areas in terms of principle selection and prioritisation. This situation tends to indicate that the degree of maturity of the sector is also a determining factor for sustainability.
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Environmental diagnoses of aquaculture systems based on the LCA method
It will be recalled that this analysis was undertaken by studying 7 factors (eutrophication, acidification, contribution to climate change, and the utilisation of energy, water, surface area and net primary production) in all the areas. The results of the calculation of different impact categories obtained by LCA are presented as a relative evaluation of each of them for the various systems under study (figure 8).
For LCAs undertaken relative to a quantitative unit of production as they have been carried out here, it should be noted that there is no direct relationship between the level of intensification of the farming system and the level of impact. In particular, the Cirata fish farms in Indonesia (cages) and the bass and bream production in the Mediterranean, also in cages, are both very intensive, but show a very low level of impact for the former and a very high level for the latter. This might be explained by the species choice (predominantly planteating -omnivorous) and the goal of maximum productivity (by associating species: common carp and tilapia) in the first case and by the choice of carnivorous species (bassbream) and a poor conversion index in the second case. In Brittany, trout has a profile which is similar to that of bass and bream but with markedly lower impact. This might be explained by the predominant effect of a high protein content feed in the two cases, which affects the level of impact significantly but the food conversion ratio is half in the case of trout. In the case of polyculture in Cameroon, only two impact categories show high levels. These are eutrophication and water dependency. This result shows the poor capacity of the system to utilise the nutrients (nitrogen and phosphorus) brought by the inputs (manuring, wheat bran…) combined with inadequate water management. Polyculture impacts are relatively high in the Philippines. They show the low productivity of the system, in particular due to the significant mortality of shrimp, which are the primary income source in the system. As a result, the quantity of inputs (fish fingerlings, shrimp post-larvae, molluscs for feed, energy…) does not produce sufficient output, and the same is true for land and water. In Pangasius fish farms in Tangkit, the predominant impact is the use of net primary production due to excess levels of fish meal (based on local species) incorporated into the feed. 
Discussion and conclusion
First it is important to note the classification of areas with respect to sustainability obtained from the multicriteria evaluation corresponds, in terms of relative priority, to the classification obtained from the results of the life cycle assessment. Hence, in both cases, Brittany (technical model of intensive farming) obtains the best scores whilst more extensive systems, which might have been thought to be closer to natural systems in their environmental dimension and therefore intuitively more "sustainable", score much lower. This result suggests linking results in terms of sustainability with the level of control and of devolved responsibilities, in accordance with one of the definitions of sustainable development proposed by Godard and Hubert (2002) for whom sustainable development consists of "thinking about the consequences of our actions". In general terms, this approach sits within the framework of companies taking sustainable development into account. Corporate social responsibility (CSR) may be defined as the fact that they "assume the responsibility for the consequences of their actions and take pro-active measures to make their relationships with the rest of society and environment sustainable in the long term" (Vivekanandan, 2008) . According to this author, it leads to the notion of accountability defined as "the responsibility of an actor to justify and account for his actions" and supposes an adapted multilevel governance. However, in the case of enterprises, these strategies, as noted by Hommel and Godard (2008) , do not just aim to integrate ethical issues but also to preserve the image and the capacity of enterprises to operate ("social licence to operate") and may pervert the collective dynamics which sustainable development seeks to initiate. These results, both from the multicriteria evaluation and from the LCA environmental approach, call into question the traditional classification between systems based on natural productivity management and "above ground" controlled systems and therefore most of the recommendations that are typically proposed, which, following in particular Naylor et al. (2000) and on the basis of partial approaches to sustainability, tend to promote more extensive systems. It should also be noted that the criteria and the principles relating to the institutional dimension of the governance of aquaculture systems and territories were largely selected by stakeholders. This leads into the issue of the countries' political profiles (in particular the levels of decentralisation) and demonstrates the interaction between sectoral sustainable development policies and the political reforms of public action processes. It should be noted that theses aspects are little (or not) taken into account in standards and labels which are usually more focused and based on a sectoral or thematic approach, especially environmental or social. However, it is important to emphasise that these criteria concerning the institutional dimension are generally evaluated on the basis of expert opinion and should therefore be the subject of further research of a methodological nature. Finally, this institutional dimension, which is a governance issue, is increasingly defined as the fourth pillar of sustainable development (Goxe, 2007) . Lessons learnt from work carried out on the areas make it possible to put forward a number of more general conclusions which demonstrate the value of the method. 1. Combining a participatory and procedural approach with the integration of international reference frameworks has proved to be efficient. A fair level of learning and appropriation was achieved during the evaluation exercise yet worldwide the tendency is to establish norms and practices which are intended to apply generally, regardless of the zone or the scale, through "dialogues" and "good practices" originating from top-down work of NGOs and procurement centres (WWF, 2005 (WWF, , 2006 (WWF, , 2007 (WWF, , 2010 . 2. The lessons learnt from this project -one proof is the diversity in the choice of indicators -confirms the idea that sustainable development cannot be fractal, i.e. the same content regardless of scale. One dimension which appears to be essential, although usually missing in the field of animal or vegetal productions, is that concerning the contribution of enterprises to the sustainable development of the territory in which they are located. The appropriation of this dimension strengthens local actors when they participate in integrated management arrangements for these territories where they can better defend the contribution of their activity to the territory. 3. This type of participatory approach clarifies that indicators can serve several functions: from simple measurement to the inventory of priorities and including the implementation of local rules. Given the little that most actors from the areas under study knew about the concept of sustainable development, the indicators were clearly useful to give it some sense and bring it within general reach. However, indicators should only be developed once collective representations involving a diversity of stakeholders encompassing all the aspects of the activity have been identified.
4. Finally, between coercion, mimicry and professionalisation (Aggeri et al., 2005) which are different ways to adopt sustainable development, the production of the Coconstruction guide (Rey-Valette et al., 2008a , 2008b , broadly disseminated following the project, clearly follows the third route. It emphasises the determinant importance of the choice of route to implement sustainable development for its adoption and the emergence of innovations within aquaculture systems. It should be noted that this approach to sustainable development is close to the ecosystem approaches (figure 3) suggested by the Millennium Ecosystem Assessment (2005). However, taking this into account would have complicated the definition used for the aquaculture system. It will therefore be useful, as an extension of the work presented here, to test the interest and the social validity of an approach which would question the nature of aquaculture ecosystems and would integrate the notion of services rendered by these ecosystems FAO, 2008) .
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